The objectives of this experiment were to study the transfer of free amino acids (alanine, histidine) and dipeptide (carnosine) of different concentrations from the mucosal to the serosal side of the rumen epithelium after 60 min of incubation in vitro. Experiments were carried out on the rumen epithelium taken from twenty four young sheep. The transfer of alanine and carnosine was not significantly different between concentrations of 0.5 and 1 mmol.l -1 . Only the transfer of histidine increased in both cases from 0.036 ± 0.007 to 0.074 ± 0.002 mmol.l -1 . The transfer of histidine rose with increasing concentration from 1 mmol.l -1 to 5 or 10 mmol.l -1 (from 0.074 ± 0.002 to 0.191 ± 0.012 or 0.449 ± 0.013 mmol.l -1 ). Alanine increased from 1 to 5 mmol.l -1 (from 0.037 ± 0.005 to 0.163 ± 0.007) but the 10 mmol.l -1 concentration did not affect transfer of alanine (0.184 ± 0.054 mmol.l -1 ). The opposite result was found in carnosine. The 5 mmol.l -1 concentration did not affect the transfer of carnosine compared with 1 mmol.l -1 (0.048 ± 0.004 v.s. 0.036 ± 0.005 mmol.l -1 ) but the transfer of carnosine was six times higher in the 10 mmol.l -1 versus 5 mmol.l -1 (0.273 ± 0.055 v.s. 0.048 ± 0.004 mmol.l -1 ). The results of this study indicate that amino acids can transfer more easily through the rumen wall in lower initial concentrations than the dipeptide carnosine can.
The rumen epithelium has the ability to absorb, metabolise, and excrete protein and nonprotein nitrogen substances (V á r a d y 1985). The main part of the dietary protein is degraded by rumen microorganisms to amino acids and peptides. The amino acids are incorporated into microbial protein or degraded into α-keto acids and ammonia or passed from the rumen to next parts of the digestive tract or absorbed directly across the rumen wall into the blood. The amount of amino acids absorbed across rumen wall represents about 10 % of the total nitrogen which is absorbed into the blood from the rumen (H o o v e r and M i l l e r 1991). The transfer of amino acids across the rumen epithelium depends on the concentration of α-amino nitrogen in the rumen ( L e n g et al. 1978) , the pH of the rumen contents ( L e i b h o l z 1971), the morphological parts of the rumen wall ( F a i x o v á and V á r a d y 1997), and the interaction between amino acids (F a i x o v á and V á r a d y 1994).
Our previous results showed that the absorption of free amino acids across the rumen epithelium is more effective at lower concentrations of amino acids on the mucosal side of the rumen epithelium (Feje‰ et al. 1991; Faixová and Várady 1994) . The concentration of peptides in the rumen depends on the degradation rate of dietary and microbial protein (Chen and Russell 1991) and on the quality of dietary protein and the frequency of feeding (W illiams and Cockburn 1991). Our goal was to compare the transfer of free amino acids and dipeptide across the rumen epithelium at different concentrations on the mucosal side of the rumen epithelium in sheep.
Materials and Methods
The experiment was carried out on 24 young ewes (Ovis aries) weighing between 30 and 35 kg. The animals were housed individually, fed twice daily, and had free access to water. The total daily ration of each sheep consisted of 400 g of mixed diet (containing 12 % beetroot molasses, 12 % oats, 48 % wheat and rye bran, 12 % meal and 2 % mineral supplement) and 1000 g of hay providing 1177.6 g of dry matter, 23.22 g of nitrogen and 6.48 MJ of net energy of lactation. Throughout the experiment, the animals were maintained according to the principles governing the care of laboratory animals.
The sheep were killed by an overdose of pentobarbitalum natricum (Pentobarbital, Spofa). The abdominal cavity was opened and the rumen was removed. The digesta were removed by rinsing with tap water and with cold saline. Three samples of the rumen wall measuring 6 cm × 6 cm approximately were collected from the dorsal sack of the rumen. The tissue was then placed in an oxygenated Tyrode solution, pH 7.4. The solution was oxygenated 1 hour before use. The epithelium of the rumen was stripped from the underlying muscle layer and fixed in the top of a polyethylene tube with an inner diameter of 45 mm. The mucosal side of the epithelium faced the inside of the tube. The tubes were filled with 50 ml of Tyrode solution containing 0.5, 1, 5, 10 mmol.l -1 concentrations of alanine, histidine and carnosine, respectively, with the pH adjusted to 6.9. They were placed in glass vessels containing 150 ml of Tyrode solution with the pH adjusted to 7.4. The solutions in both chambers were mixed by an electric blender. The glass vessels were placed in a waterbath at 39 °C.
The time that elapsed from removal of the rumen from the sheep to the beginning of the incubation was 10 min approximately. Concentrations of alanine, histidine and carnosine were measured after 60 min of incubation by the chromatographic methods on an Automatic amino acid analyser (AAT 339, Microtechna, Praha).
The results of the analysis are given as the mean ± SEM. The statistical significance of the differences in values were determined by ANOVA. Table 1 shows the concentrations of alanine, histidine and carnosine on the serosal side of the rumen epithelium. The concentration of carnosine was lower compared with alanine for 0.5 mmol.l -1 (P < 0.05) and 5 mmol.l -1 (P < 0.001) concentrations, with no significant differences for 1 mmol.l -1 and 10 mmol.l -1 concentrations.
Results
Lower concentrations of carnosine compared with histidine were measured for 1 mmol.l -1 (P < 0.001), 5 mmol.l -1 (P < 0.001) and 10 mmol.l -1 (P < 0.05), with no significant differences for 0.5 mmol.l -1 concentrations. The significant differences between free amino acids were determined for 1 mmol.l -1 (P < 0.001) and 10 mmol.l -1 (P < 0.01) concentrations only.
The transfer of alanine and carnosine was not different between 0.5 mmol.l -1 and 1 mmol.l -1 concentration. Only the transfer of histidine increased twofold. The transfer of histidine rose with increasing concentration from 1 mmol.l -1 to 5 or 10 mmol.l -1 . The alanine increased from 1 mmol.l -1 to 5 mmol.l -1 but 10 mmol.l -1 concentration did not affect the transfer of alanine. The opposite result was recorded for carnosine. 5 mmol.l -1 concentration Values are means ± SEM, n = 6. Significant differences (P < 0. 01) within a row are indicated by using the same superscript letters.
did not affect the transfer of carnosine compared with 1 mmol.l -1 but the transfer of carnosine was six times higher in 10 mmol.l -1 compared with 5 mmol.l -1 .
Discussion
The transfer analysis of alanine, histidine and carnosine used in this experiment clearly shows the difference between the concentrations of free amino acids and dipeptide. The peptide transport mechanisms have been identified in the liver (Lombardo et al. 1988; F e i et al. 1994) , kidney and brain (Fei et al. 1994 ). The stomach tissue was identified as a major site of peptide uptake in ruminants, when ruminal and omasal epithelial tissues were used (Webb et al. 1993) . Measurements of net flux of peptide amino acids in the portal and the mesenteric vein of ruminants (Webb et al. 1992; Seal and Parker 1996) showed that the nonmesenteric drainage releases large amounts of peptides to the liver. Peptide absorption from the stomach was postulated to explain this phenomenon. However, in another study (Backwell et al. 1997) , no significant release of peptide amino acids was observed in the mesenteric vein or in the portal vein. Thwaites et al. (1993) showed the presence of the proton-coupled peptide transporter in the epithelial tissues on both the apical and basolateral membranes in the gut. Matthews and Webb (1995) demonstrated the ability of ruminal and omasal epithelial tissue to absorb Met and Met-Gly by a non-mediated process, which depends on the relative concentration in the forestomach content. Leibholz (1971) showed that the transfer of histidine across the isolated rumen epithelium was reduced in the presence of other amino acids at equimolar concentrations (arginine 50%, lysine 30%, leucine 10%). Our previous results (Faixová and Várady 1994) indicated the interactions between neutral and basic amino acids during the transport across the rumen epithelium in the mucosal-serosal direction. It assumes the presence of an amino acid transport system in the rumen epithelium at least for some amino acids. Rémond et al. (2000) show that after intraruminal injections of solutions containing increasing amounts of free amino acids and carnosine, free amino acids uptake decreased and net carnosine release increased linearly. According to Matthews and Payne (1975) the transport of peptides occurs by transport systems different from the transporters of free amino acids. The dipeptide transport across the rumen epithelium has been described, but its exact mechanism remains to be clarified. We suggest that the transfer of dipeptide is affected by peptide hydrolysis with the subsequent transport of free amino acids.
In conclusion, the results of this experiment show that concentration of amino acids on the mucosal side of rumen epithelium is very important factor for transfer across the rumen epithelium. Further investigations are required to determine the capacity of the rumen wall to absorb amino acids.
Transfer L-alanínu, L-histidínu a karnozínu cez bachorov˘ epitel in vitro
Cieºom tohto experimentu bolo sledovaÈ transfer rôznych koncentrácií voºn˘ch aminokyselín (alanín, histidín) a dipeptidu (karnozín) z mukóznej na seróznu stranu epitelu bachora po 60 minútovej inkubácii in vitro. Pokusy boli robené na epiteli bachora z dvadsiatich ‰tyroch oviec. Transfer alanínu a karnozínu nebol signifikantne rozdielny medzi 0,5 and 1 mmol.l -1 koncentráciami. Iba transfer histidínu sa dvojnásobne zv˘‰il z 0.036 ± 0.007 na 0.074 ± 0.002 mmol.l -1 . Transfer histidínu stúpal so zvy‰ujúcou sa koncentráciou z 1 mmol.l -1 , na 5 alebo 10 mmol.l -1 (z 0.074 ± 0.002, na 0.191 ± 0.012 alebo 0.449 ± 0.013 mmol.l -1 ). Alanín sa zv˘‰il z 1 na 5 mmol.l -1 (z 0.037 ± 0.005 na 0.163 ± 0.007), ale 10 mmol.l -1 koncentrácia neovplyvnila transfer alanínu (0.184 ± 0.054 mmol.l -1 ). Opaãn˘ v˘sledok bol nameran˘ u karnozínu. Koncentrácia 5 mmol.l -1 neovplyvnila transfer karnozínu oproti 1 mmol.l -1 (0.048 ± 0.004 v.s. 0.036 ± 0.005 mmol.l -1 ), ale transfer karnozínu bol ‰esÈkrát vy‰‰í pri 10 mmol.l -1 oproti 5 mmol.l -1 (0.273 ± 0.055 v.s. 0.048 ± 0.004 mmol.l -1 ). Tieto v˘sledky ukazujú, Ïe niÏ‰ia iniciálna koncentrácia alanínu, histidínu a karnozínu na mukóznej strane epitelu bachora je dôleÏitej‰ím faktorom pre transfer voºn˘ch aminokyselín neÏ pre dipeptidy.
